The test systems have been selected to display a wide range of dynamic characteristics to provide a robust test of the efficacy and accuracy of the various analytical techniques to analyze transient stability. Transient stability test system data and benchmark results obtained from two commercially available time domain stability analysis packages are presented in this paper.
I. INTRODUCTION
Modern day power systems exhibit a Wide range of complex dynamic behaVior. AnalYSiS of such phenomena requires the development of new analytical tools and a variety of applications of conventional time domain Simulations. In order to determine the efficacy of the different techniques, they need to be compared using a common system with available benchmark results.
In recent years, several analytical approaches dealing with direct methods for transient stability assessment have been proposed. In some cases, the approaches have been applied to small sample test systems which are not very realistic. Furthermore, in order to provide a relative comparison of the various proposed techniques, there is a need for testing these methods on a realistic system with benchmark results obtained from conventional time domain analysis. This paper addresses such a need. It provides system data for two realistiC test systems and provides benchmark transient stability results using two different commercially available time simulation packages. The packages used are the EPRI Extended Transient/Mld-Term Stability Program (ETMSP) and PTI-Power System SimulationiE Program (PSS/E).
The two systems have been carefully chosen to display a Wide range of dynamic characteristics: i) operating conditions are specified for which these systems display a plant mode of instability where the plant close to the disturbance loses synchronism with the rest of the system; it) a complex mode of instability where a number of plants are electrically close to each other along a river, and a disturbance close to these plants results in all of them being severely disturbed; iii) an Inter-area mode of instabillty where an entire area separates from another area follOWing a disturbance. This Wide range of dynamic response Is specifically intended to provide a robust test of the efficacy and accuracy of the various analytical techniques. The benchmark testing has been conducted using three phase faults. Two different kinds of stability limits are provided: i) plant generation limits. and ii) critical clearing time. These limits are obtained using iJ the classical power system model, and ii) the two aXis machine model with exciters. In all the benchmark tests, the loads are represented as constant impedances.
II. TEST SYSTEMS
Two test systems are used to provide the benchmark results: a 17-generator, 162-bus equivalent of the network of the State of Iowa, and a 50-generator, l45-bus system. l7-Generator System Figure 1 shows the major 345 kV lines in the 17-generator system. The system has several generating plants along the banks of the Missouri River. These are shown in the left hand side of Figure 1 . The electrical proximity of these plants results in a very complex and interesting dynamic behavior of the system. For a three phase fault close to these plants, a large number of plants are severely disturbed resulting in a complex mode of disturbance. Only the classical model data is provided for this system. The machine data is given in Table I on a 100 MV A base. The network data is provided in IEEE COMMON FORMAT for power flow exchange [1] . See Section IV for information to obtain the network data on a magnetic diskette. 
50-Generator System
The 50-generator system demonstrates a wide range of dynamic characteristics at different loading levels. For the base case loading level proVided in the network data, a three phase fault results in a simple plant mode of Instability, where the plant close to the disturbance loses synchronism with the rest of the system. Shifting the generation at two generators and subjecting the system to the identical disturbance as in the plant mode case, results in an Inter-area mode of separation where a large area separates from the rest of the system. Benchmark cases are provided for: j) the classical model representation, and iI) for six machines represented by the two-axis model and equipped with Type AC-4 [2J exciters. Table 2 provides the machine data for the 50-generator system on a 100 MVA base. The six generators with the two-axis representation are placed at the top of the table. Table 3 provides the Type AC-4 exciter data for these six generators.
Power
Generator Parameters"
Flow Bus
Number This benchmark test on the 17-generator system consists of determining the critical clearing time. The specified fault results In a complex mode of disturbance. Seven generators close to the fault are severely disturbed. In the critical case, however, only one generator loses synchronism with respect to the rest of the system as shown in Figure 2 obtained from the ETMSP package. The benchmark results using the ETMSP and PSS/E packages are given In Table 4 . In this set of tests all the 50-generators are represented by the classical machine model. Two types of stability limits are determined: j) plant generation limits, and iI) critical clearing time. Two different dynamic characteristics are also studied: !) plant mode of instability, where the plant closest to the disturbance loses synchronism with the rest of the system, and iJ) Inter-area mode of instability, where an entire area separates from the rest of the system.
Plant Mode Cases
Power Flow Features: The base case power flow provided in the diskette represents the operating condition for the plant mode analysis. It is characterized by the generation at Bus #93 and Bus #110, being set at 700 MW each.
Plant Generation Limit: In this analysis, the specified fault is always cleared at O.ID8 s. The stability limit is determined by changing the generation equally at Bus #104 and Bus # Ill, which are two generators at a plant. The stability limit is calculated in terms of the sum of generation at the above generators. In obtaining new power flow solutions different from the base case provided on the diskette, the generation at Bus # I 04 and Bus # 111 Is 'changed' in equal steps and the slack Bus #145 absorbs all the change.
The plant generation limits obtained using the two packages are given in Table 5 . 
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The rotor angle plots for the generators at Bus #104 and Bus # 111 with respect to the generator at Bus # 145 using the ETMSP package for the stable and unstable cases are given in Figure 3 .
Critical Clearing Time: In this analysis, the base case power flow provided in the diskette is used and the clearing time varied to obtain the critical clearing time. Table 6 shows the results of this analysis obtained using the ETMSP and PSS/E packages. l.?
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Time. seconds a) Stable case Fig. 3 . 50-generator test system: classical mode, plant mode Power Flow Features: The base case power flow provided in the diskette has to be altered to obtain the initial conditions for the inter-area mode phenomenon. The power flow is solved by setting the generation at Bus #93 and Bus #110 to 1580 MW each and allowing the slack Bus #145 to account for the change.
Plant Generation Limit: In this analysis the specified fault is always cleared at 0.108 s. The stability limit is obtained by changing the generation In equal increments at Bus #104 and Bus # 111, which are two generators at the same plant. The stabillty limit is calculated in terms of the sum of the generation at the above generators.
The plant generation limits obtained using the two stability packages are given in Table 7 . In the critically unstable case, 29 generators separate from the rest of the system. The rotor angle plots from the ETMSP package of a few generators with respect to the generator at Bus #145 is given in Figure 4 .
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.. In this set of tests, six generators in the 50-generator system are represented by the two-axis model [3. pg 1381 and equipped with Type AC-4 [2) exciters. The detailed machine data is given In Table 2 and the exciter data is given in Table  3 . The same fault considered for the classical machine model cases is analyzed. Only the plant mode case is studied, and both plant generation limit and critical clearing time are obtained.
Plant Generation Limit: The same fault considered in the classical machine model case is analyzed. The stability limit is calculated In terms of the sum of the generation of the generators located at Bus #104 and Bus #lll. The change cases of the power flow are obtained as described earlier. The results of the test are shown in Table 8 .
The difference in results between the two packages is attributed to the differences in the representation of the machine model and the exciter model in the two packages.
Critical Clearing Time: The two critically stable cases from the ETMSP and PSS/E packages are analyzed to obtain the critical clearing time. These results are presented in Table 9 . The data can be requested on either a 3-112" or 5-114" double density MSDOS formatted diskette.
The diskette is currently priced as follows. any change in pricing will be indicated to the user when the order is placed. All international orders must be paid for using an international money order in U.S. dollars.
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